Background: The methylenetetrahydrofolate reductase (MTHFR) is thought to be involved in the development of nonsyndromic cleft lip with or without cleft palate (NSCL/P). However, conflicting results have been obtained when evaluating the association between maternal MTHFR C677T and A1298C polymorphisms and the risk of NSCL/P. In light of this gap, a meta-analysis of all eligible case-control studies was conducted in the present study.
Introduction
Cleft lip and palate is one of the most common congenital defects in humans (1) , which is divided into two groups in genetics as syndromic and nonsyndromic (2) . Of all patients with cleft lip and palate, only small portion are syndromic and most are nonsyndromic (3, 4) . Based on clinical manifestations, nonsyndromic cleft lip and palate can be divided into nonsyndromic cleft lip with or without cleft palate (NSCL/P,OMIM 119530) and the palate only (CPO, OMIM 119540) (2) . NSCL/P is a congenital facial malformation without any other structural or developmental abnormalities (1) , and is different from CPO in embryologic origin and recurrence risks (5) .
Although the etiology of NSCL/P is complex (6) , numerous studies have reported that NSCL/P is associated with folate metabolism (7) (8) (9) (10) , and genes which encode key proteins of folate and methionine metabolism play a role in the susceptibility of NSCL/P (11) . Thus, the gene encoding the methylenetetrahydrofolate reductase (MTHFR) enzyme is particularly attractive, because this enzyme is responsible for folate-dependent metabolism of homocysteine, which catalyses the reduction of 5, 10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the predominant circulatory form of folate and the carbon donor for the remethylation of homocysteine to methionine (12) .
The gene encoding the MTHFR enzyme is known to have at least two functional polymorphisms namely, C677T (rs1801133) and A1298C (rs1801131) for which their roles in the mechanisms of folate enzyme have been extensively investigated (12) (13) (14) (15) (16) . The 677T allele results in an alanine to valine substitution at codon 222 (A222V), resulting in a thermolabile enzyme with 70% reduction in specific catalytic activity (13, 14) . Similarly, the 1298C allele results in a glutamic acid to alanine substitution at codon 429 (G429A), resulting in a 40% reduction of MTHFR activity in vivo (15, 16) . The low MTHFR activity caused by MTHFR polymorphisms maybe results in higher homocysteine or lower plasma folate levels, which both are associated with many diseases such as Down's syndrome and neural tube defect (15, 17) .
It has been hypothesized that NSCL/P may be associated with MTHFR which encodes a key protein in folate and methionine metabolism (11) .
Thus, MTHFR has been wildly studied to examine the relationship between its polymorphisms and the risk of NSCL/P but conflicting results were reported. Some studies found that the MTHFR C677T variant is associated with NSCL/P (18, 19) . However, other studies, carried out in various populations around the world, found no or variable association (7, (20) (21) (22) (23) (24) . Some studies indicated that the genotype of infants at C677T made a major contribution to the occurrence of NSCL/P (25-27) but others did not (28) (29) (30) (31) . Some investigations showed that the maternal genotype for the MTHFR C677T polymorphism had a significant impact on the occurrence of NSCL/P in their offspring (25, (32) (33) (34) (35) (36) (37) , but, other studies did not support this finding (29, (38) (39) (40) (41) .
Similarly, studies on the MTHFR A1298C polymorphism also yielded inconsistent results. The effect of MTHFR A1298C polymorphism was diverse from being a risk factor (18, 33) to no risk at all (7, 19, 23) . Neither infant (26, 29, 42) nor maternal (40) MTHFR A1298C polymorphism obtained positive association with NSCL/P risk. In light of this gap, a meta-analysis on infant MTHFR polymorphisms and NSCL/P susceptibility was performed by Pan et al. (43) , which suggested that infant MTHFR C677T polymorphism was involved in the development of NSCL/P. However, whether maternal MTHFR polymorphisms related to having NSCL/P children is yet to be confirmed. To resolve this confusion, we did a meta-analysis focusing on maternal MTHFR polymorphisms and the risk of having offspring with NSCL/P.
Materials and Methods

Study question
Are maternal MTHFR polymorphisms (C677T or A1298C) risk factors for having a child with NSCL/P?
Criteria for included studies 1. Explored the association of maternal MTHFR polymorphisms and NSCL/P children. 2. Casecontrol study design; considering the heterogeneity in different study designs, we only focused on casecontrol studies. Cross-sectional studies, case-parent triads, and transmission disequilibrium tests (TDT) designed studies were not included. 3. Cases were mothers who have children with NSCL/P. Control group were mothers without NSCL/P children and selected from the general population or hospital based population. 4. Provided distributions of the maternal MTHFR C677T and/or A1298C genotypes.
Control groups in studies did not deviate from Hardy-Weinberg equilibrium (HWE).
We did not consider the genotyping method. We only included information available from the publications and did not seek additional information by contacting primary authors. Studies were excluded if the disease was defined as either familial NSCL/P or orofacial clefts. Case reports, letters and review articles were excluded from the study.
Strategies for identified studies
A comprehensive literature search was performed using PubMed, Springer, Elsevier Digital Dissertations Databases, Scopus, and ISI web of knowledge with MeSH terms retrieval and free words retrieval for relevant articles published in English up to 15 th March 2013. MeSH terms included "cleft lip" and "methylenetetrahydrofolate reductase (nadph2)". Free words included "cleft lip", "cleft", "lip", "methylenetetrahydrofolate" and "MTHFR". We extended our search to review the reference lists of retrieved articles and performed manual searching as a supplement. When a study had duplicate publication, only the most inclusive publication was considered. The full texts of candidate articles were examined by two investigators independently.
Data extraction
Data from each eligible study were extracted on custom-made data collection forms by two authors independently. For inconsistent evaluations, agreements were reached following discussion in our study group. For each study, the following characteristics were collected: first author, publication year, country, source of controls, characteristics of study population (ethnicity, sample size of case and control), and distributions of the maternal MTHFR C677T or A1298C genotypes among cases and controls. For studies with multiple gene polymorphisms, only data concerning MTHFR polymorphisms were included in the analysis. No modification of original data was performed. In addition, HWE was calculated based on the genotypes among controls. The data were extracted from published manuscripts, thus no research ethics board approval was necessary.
Statistical analysis
Stata 8.0 (Stata Corporation, College Station, TX) was used to perform all statistical analyses. Goodness-of-fit chi-squared test was used to assess the frequencies of MTHFR C677T and A1298C polymorphisms from expectation under HWE in controls. The strength of the association between the polymorphisms and NSCL/P was measured by ORs with 95% confidence intervals (CIs). The statistical significance of the observed OR was tested by Z-test. For the C677T polymorphism, we firstly used wild-type CC genotype as the reference group to evaluate the effects of the CT and TT genotypes on NSCL/P susceptibility. Then we estimated the effects of CT/TT versus CC and TT versus CT/CC assuming the dominant and recessive models of the T allele. Same procedures were also performed on the A1298C polymorphism. Furthermore, subgroup analyses were performed based on source of controls and ethnicity. Heterogeneity assumption between studies was examined by the Chi-square based on Q-test and I-square value (44) . A fixedeffect model using the Mantel-Haenszel method was selected to pool data if there was homogeneity (p>0.05), otherwise, the random-effects model, using the Der Simonian and Laird method, was conducted.
Sensitivity analyses using the step by step exclusion method were conducted to assess whether each individual study affected the final results. Publication bias was evaluated by Begg's test, the Egger's asymmetry test and visual inspection of funnel plots. All the P values were for a twosided test and p<0.05 was considered statistically significant.
Results
Description of studies
Fifteen case-control studies were identified via our search strategy, for which 8 were concerned with C677T exclusively, while 7 studies had analyzed both variants (Fig 1) .
The characteristic information of the included studies such as first author, publication year, country, ethnicity, source of controls, sample size (case/control), genotype distributions (case/ control) are presented in table 1 and table 2 . Little's study was excluded because the genotype distribution among the control group was not in HWE (p<0.05) (45) . 
Heterogeneity test
Overall, for maternal MTHFR C677T polymorphism, there were significant heterogeneity for heterozygote comparison (CT versus CC: P h =0.008) and dominant model comparison (CT+TT versus CC: P h =0.004), but not for the homozygote comparison (TT versus CC: P h =0.076) and the recessive model comparison (TT versus CT+CC: P h =0.102) ( Table 3 , Fig 2) . Thus, we performed subgroup analysis stratified by source of controls and ethnicity to assess the cause of heterogeneity. Results suggested that ethnicity and source of controls were contributing to substantial heterogeneity. In A1298C polymorphism studies, there were no significant heterogeneity for all comparisons (all P h >0.05, Table 4 , Fig 3) .
The synthesis of effect size and subgroup analysis
Regarding maternal C677T polymorphism and NSCL/P offspring, 15 studies with a total of 2442 cases and 4655 controls were included. Maternal TT genotype contributed to elevated risks of having an NSCL/P child compared with the CC wild-type genotype (OR=1.251, 95% CI: 1.047-1.494), and this effect appeared only in the HB population (OR=1.248, 95% CI: 1.024-1.520) after subgroup analysis by source of controls and ethnicity. Under the recessive model, 677TT conferred increased susceptibility to having a child with NSCL/P when using CT+CC as reference (OR=1.325, 95% CI: 1.124-1.562), and this effect appeared in Asians (OR=1.726, 95% CI: 1.090-2.733), Whites (OR=1.308, 95% CI: 1.059-1.617), and the HB population Fig 2) .
With respect to the association between maternal MTHFR A1298C polymorphism and NSCL/P offspring, 7 studies with 1032 cases and 2095 controls were included. There was no association between the maternal MTHFR A1298C polymorphism and having NSCL/P offspring under all genetic models, since the null value of all ORs (null value=1) was well inside the 95% confidence intervals (Table 4, Fig 3) .
Sensitivity analyses and publication bias
No individual study affected the final results according to sensitivity analyses (data not shown). Funnel plots of all studies revealed no asymmetrical distribution of ORs (Figs 4-5) , suggesting no significant publication bias in this study. Begg's test and Egger's test provided further statistical evidence of no significant publication bias in this meta-analysis (all p>0.05) ( Table 5 ). 
Discussion
Principal findings
In the present meta-analysis, we focused on the relationship of maternal MTHFR polymorphisms (C677T and A1298C) and risk of having NSCL/P offspring. Results showed that mothers carrying the 677TT genotype had an increased susceptibility to have an NSCL/P offspring under both the recessive model and the CC homozygote model, but the CT heterozygote and the CT+TT dominant models had no association with bearing NSCL/P offspring when compared with CC genotype. This suggests that only the maternal 677TT genotype is a risk factor for having NSCL/P offspring. Subgroup analyses based on ethnicity and source of control showed that under the recessive model, maternal 677TT genotype increased the risk of having NSCL/P offspring in Whites, Asians, and the HB population, providing further evidence that the TT genotype is the risk factor. However, maternal MTHFR A1298C polymorphism had no association with having NSCL/P offspring under all genetic models, and results did not differ when subgroup analyses were undertaken.
In the present study, results from the dominant model were consistent with that reported by Verkleij-Hagoort et al. (49) , which used single dominant model and also indicated that the maternal MTHFR C677T and A1298C polymorphisms were not independently associated with CLP with pooled ORs of 1.2 (95% CI: 0.9-1.5) and 1.0 (95% CI: 0.7-1.2). Results from the codominant model were similar to the study by Luo et al. (50) , which only used the co-dominant model and also revealed that the maternal 677TT genotype elevated the risk of CL/P with a pooled OR of 1.32 (95% CI: 1.06-1.63) when compared with the normal 677CC genotype. However, the results of subgroup analyses were different. Luo et al. (50) demonstrated that maternal 677TT genotype increased the risk of having CL/P offspring in the white population with an OR of 1.36 (95% CI:1.05-1.76), while in present subgroup analyses, based on the same factors and the same genetic model, the effect was found in the hospital based population but not in Whites or Asians.
There are several reasons for the inconsistency between the present study and the other two meta-analyses. First, the applied genetic models are different. It is notable that besides the co-dominant and dominant models, the recessive model was also applied in our present meta-analyses and the results further supported the view that maternal 677TT genotype is a risk factor and is associated with having NSCL/P offspring. Second, types of study designs are different. Studies included in the two meta-analysis covered case-control and cohort studies (51) whereas our study was restricted to case-control studies. Third, the number of included studies varied. There were 10 and 12 studies included in the 2007 and 2012 metaanalyses respectively, but our meta-analysis comprised of 15 studies.
Furthermore, Verkleij-Hagoort et al. (49) and Luo et al. (50) had estimated infant MTHFR polymorphisms and CL/P susceptibility under the dominant and co-dominant models respectively in their meta-analysis, and all pooled results revealed no statistical association between infant C677T and A1298C variants and risk of CL/P. While meta-analysis performed by Pan et al. (43) which combined co-dominant, dominant and recessive models suggested that the infant 677TT genotype is associated with CL/P in recessive model. However, we did not examine infant MTHFR polymorphisms in the present study, so we can not conclude which one (maternal or infant MTHFR polymorphisms) is more related and more important with regards to NSCL/P.
Strength and weakness of the review
The associations between NSCL/P susceptibility and maternal MTHFR polymorphisms have been widely examined but provided inconsistent results. This absence of consensus among individual studies might be due to different ethnicities and study populations, different laboratory procedures used for genotyping, variable environment and diet, selection bias from both cases and controls subjects, and insufficient sample size (25, 33, 35, 36, 38, 39) . However, meta-analyses have the advantage of increased statistical power by pooling the results from small individual studies and also can examination the variability between studies.
In the present study, to ensure the representativeness of the study subjects, we performed HWE test on the control groups in the final selected studies. Also, only NSCL/P was included to reduce etiologic heterogeneity. Furthermore, subgroup analyses based on ethnicity and source of control were performed to reduce ethnic heterogeneity and selection bias. However, certain limitations also need to be acknowledged. For one thing, the information of environmental interventions or maternal periconceptional behaviors was not available in our study, whereas these factors may influence the whole pregnancy outcome. For another thing, heterogeneity present in overall or subgroup analyses might be due to different regions, various genotyping methods and others mentioned above. But we only separated study populations into three groups: Asians, Whites, and others, and we did not perform any subgroup analysis based on genotyping method. Last, but not least, only case-control studies were selected, which are less powerful for genetic associations than transmission disequilibrium test in familybased designs.
Possible mechanism
It is not possible to explain the mechanism of the association between NSCL/P susceptibility and maternal MTHFR polymorphisms in the present study. However, the deficiency of nutritional folic acid during embryonic development has been proposed as a factor in the etiology of NSCL/P, and many studies suggest that maternal ingestion of folic acid during early pregnancy can reduce the risk of NSCL/P (7-10). According to this evidence, it has been hypothesized that NSCL/P might be associated with folate metabolism and polymorphic variants of the genes which encode key proteins in folate and methionine metabolism may play a role in the susceptibility of NSCL/P (11).
MTHFR is an important enzyme in folate metabolism. Normal MTHFR activity is crucial to maintain the pool of circulating folate and methionine and to prevent the accumulation of homocysteine (12) . C677T and A1298C are two common functional single nucleotide polymorphisms localized in MTHFR, and their roles in the mechanisms of folate enzyme have been extensively researched. Compared to the CC and CT genotypes, the TT genotype is characterized by 70% enzymatic activity reduction (52) . And it is the reason that the concentrations of folate in serum, plasma, and red blood cells decrease and plasma homocysteine concentrations increase mildly (12) (13) (14) . Similarly, the A1298C polymorphism, resulting in a glutamic acid to alanine substitution at codon 429, also causes decreasing MTHFR enzyme activity, but is not associated with higher homocysteine or lower plasma folate levels (15, 16) . This mechanism can explain all the results we gained in present study.
In addition, it is worth noting that linkage disequilibrium (LD) exists between MTHFR C677T and A1298C. Some studies had reported a stronger MTHFR activity loss in combined heterozygote (C677T/A1298C) in neural tube defect cases (15, 53) , however, there are few studies that investigated the relationship between this compound genotype and NSCL/P risk, and quantitative analysis cannot be conducted owing to incomplete data.
Conclusion
The results of this study give supporting evidence for significant association between maternal MTHFR C677T polymorphism and risk of having an NSCL/P offspring, and confirm mothers with the 677TT genotype are susceptible to have a child with NSCL/P. Nevertheless, in view of the limitations of the present study, our findings should be interpreted prudently. Further work, especially those that address the combined effects of genetic and environmental factors on a specific phenotype of orofacial clefts should be performed to evaluate these findings.
